The marked et~ect that lithium salts may have on the developing organism was first shown by HERBS]: in his study of the action of this metal on the sea-urehin's egg. A typical embryo was formed that he has called the lithium larva. GUR~VITSCH, ]~ATAILLON~ and Mm. ROXDEAu-LuzEAU have more recently studied the effect of lithium salts on the development of the frog's egg, and have shown that it has a distinct effect on the development but whether its action produces a distinct type of embryo is ~iot altogether clear from their results, although GURWITSCH seemed inclined to think that his radial type of embryo was the result of the peculiar action of the lithium salt that he used. Whether there is in reality a radial type produced in this way is a question that will be discussed later.
Mm. ROXDEAu-LuzEAU have more recently studied the effect of lithium salts on the development of the frog's egg, and have shown that it has a distinct effect on the development but whether its action produces a distinct type of embryo is ~iot altogether clear from their results, although GURWITSCH seemed inclined to think that his radial type of embryo was the result of the peculiar action of the lithium salt that he used. Whether there is in reality a radial type produced in this way is a question that will be discussed later.
In the series of experiments that I carried out in the spring of 1902~ I used only lithium chloride but in the experiments carried out during the present spring, I have employed not only this salt: but also a number of other lithium salts, as well as other solutions for comparion.
The eggs were in all eases collected from a pond in the vicinity, where they had been laid and fertilized normally. Some of the eggs were put into the solutions while in the two-and four-cell stages, others in the later segmentation stages. Ordinary spring water was used to which was added in the earlier experiments 0.4~ 0.5, 0.6, 0.7, 0.8 percentages of lithium chloride. The eggs were kept in these solutions until they were removed directly to be killed in a three percent formalin solution.
Later they were passed through alcohols, imbedded, cut, stained in borax carmine followed by Lxo~'s blue.
It may be stated that one of the most obvious effects of the salt is to delay the development. Eggs in the two-and four-cell stages are much more affected by the solutions than are eggs in the later segmentation stages, and those that are beginning" to gastrulate are still less effected. Solutions that are strong enough to prevent the formation of the embryo when two-cell stages are employed do not prevent the embryo from appearing when later segmentation stages are put into the same solution. In general, the effect of the salt is to prevent the downward movement of protoplasm from the upper hemisphere of the egg', and this brings in its train a difficulty in carrying out the gastrulation proeess~ so that embryos in the stronger solutions do not pass beyond the stages shown in Fig. 2~ especially when two-cell stages are immersed. When older stages are used embryos like those in Figs. M, T, II, are commonly produced. While embryos of these two kinds form by far the majority of cases they are not as interesting as those of another more modified type, shown in Figs. A--L; and these rarer forms will~ therefore, be first described. Embryos of this last type were sometimes obtained when late segmentation stages were immersed in lithium chloride solutions. These embryos, as shown in Figs. A and L have a small black area at the top of the egg which is surrounded by a deep groove. The region of the egg below this is of a bluish-yellow, or slate colored tint. On one side this band is much broader than on the other, and at the lower edge of the broadest part there is a crescentic shaped depression. This is the ot,~ening into the archenteron. The lower part of the egg" is made up of the yellowish yolk-cells.
By means of sections it is not difficult to interpret these embryos. The entire upper part of the egg', including" all the black cells of the upper hemisphere~ has sunk into the interior of the egg. There only remains the small black region at the top of the egg'. As these cells have been drawn into the interior, the superficial yolk cells at the sides have been pulled upwards ever the outside of the upper hemisphere of the egg. These cells make up the slate-colored, middle zone of the egg. The blas~opore that appeared (whether at a stage before or after the inturning began I can not state), continues into the archenteron that extends deep in the interior of the yolk. A series of three cross-sections of the egg shown in Fig. A are represented in Figs. I, II, III. These cross-sections are nearly in a plane at right angles to the egg as it stands on the paper, and cut across the line marking the notochord. The plane of the sections tilts a little upwards, towards the far side of the egg. The first of these sections, Fig. I , passes through the slate-colored region. This part forms a crescent enclosing the central darker area. Beginning with the crescent part, we find on the outer surface (the upper side of the figure) a single layer of narrow cells filled with yolk. This layer is made. up of the yolk-cells that I have described as having been drawn up, when the top of the egg sank inwards. It marks the slate-colored zone of the surface view. About the middle of this layer, and just below it, is the cross-section of the notochord. On each side of the notochord is a layer of mesoderm extending out into the wing's of the crescent. On the inner side of this crescentic part there is a broad medullary plate in process of rolling in.
The other piece, the lower part of the section, nearly enclosed by the crescent, contains the other side of the medullary plate. The two plates are continuous at a deeper level in the embryo. In the middle of this piece, the innermost end of the archenteron is seen. The loose cells, lying' between the two parts of this section, are ectoderm cells that have been crowded out from the surface.
The next section, Fig. II , is nearer the middle of the slatecolored band. The two pieces have 'become one, since just below this level the ectoderm of one piece continues into that of the other. The ectoderm forms the dark ring in the interior of the egg. The two medullary plates have also united into a single tube. It is here that the medullary plate is to be thought of as turning back upon itself. The notoehord, the mesoderm, and the archenteron are found in approximately the same positions as in the last section.
The next figure, Fig. III , is still further down, in fact at the very bottom of the medullary tube, where it turns back upon itself as explained above. We now see the notoehord cut twice, once on the outer side, and once on the inner side of the medullary tube. ].~[esoderm, with some ectoderm on one side, fills the interior of the section. On the sides, the yolk-cells of the lower hemisphere begin to appear. Sections further down (which are not here figured) show that the medullary groove comes to an end. The notoehord on the inner side of the inner medullary groove becomes continuous with that on the outer surface. The arehenteron also extends outwards to open at the small blastopore oll the surface of the egg. Below this the solid yolk-cells of the lower hemisphere make up the whole of the sections.
A longitudinal section through an embryo very similar to the last is shown in Fig'. K This section shows the arehenteron opening by the blastopore on the left. On the right side there is an opening, higher up, into the top of the egg. This upper cavity is lined by a thick ectoderm, which forms in part the broad medullary plate that bends around the inner end of the cavity. The upper and left upper sides of this section are through the slate colored band, and, had the section been exactly in the middle line, the notoehord would lie immediately below the layer of slate-colored cells that cover this part. Some loose ectoderm cells partly fill up the interior of the ectodermal cavity, and come to the surface of the egg at its opening. It will be seen in this section that all the ectoderm is in the interior of the egg, and much of the endoderm on the outside.
The embryo shown in Fig. • was also cut into cross-sections. This embryo differs from the last mainly to the smMler extent to which ectoderm has been turned in at the top of the egg. The slate-colored band is well defined, and a depression along its middle part shows where the notoehord runs beneath its surface. Only one of the the cross-sections of this embryo is drawn, Fig. IV . It is, in many ways, similar to Fig. I . The relation of the section to the egg can be best understood by reference to the side view of a similar egg shown in Fig. L . This figure shows to advantage the relation hetween the black cap of~the egg and the slate-colored zone. If a cross-section were made through the middle of this egg, at about the level of the middle of the slate-colored zone, it would resemble that shown in Fig. IV . The crescentic shaped piece forming the upper part of the section is through the slate-eolored area (the left side of Fig'. L ). It appears as though partly wrapped around the black area. In fact that part of the black area that comes to the surface is the part not surrounded by the arms of the crescent. We get the impression that the slate-colored area is rolling up over the black part of the egg, as the latter sinks into the interior; the inrolling appearing to take place faster on the side where the embryo is formed, than elsewhere.
The section is almost exactly like that drawn in Fig. I , except that the rounded part is larger and the notoehord is present in both pieces. The section also shows the medullary plate, cut twice. On each side of the plate, the neural crest is seen.
The egg drawn in Fig. C has turned in almost all of its black field~ and the slate-colored region bulges far outwards. Cross-sections show that it essentially like the eggs shown in Figs. A and B . Figure D is interesting, because only a part of the medullary groove is rolled into the interior of the egg; the anterior part is seen on the exposed black surface. Cross-sections through the anterior. part show an almost normal embryo (the ectoderm is somewhat loose in places). Passing into the region of the slate-colored band the cross-sections show that here the posterior part of the medullary plate is covered over by the upturned edge of the band. Figure E shows the side view of an embryo with a very large opening (on the left in the figure) into the arehenteron. The slatecolored region is scarcely developed, and the black region is hardly at all turned in above the blastopore. A longitudinal section of this embryo is shown in Fig. VI . The large opening into the archenteron (to the right in this figure) is conspicuous. The part just above shows a slight tendency to turn in. The thick ectoderm on the top of the section is the medullary plate. There is a slight inturning at the anterior end of the medullary plate; the anterior end of the black area.
The next figure egg. In the latter it will be noticed how much the slate-colored area protrudes, which is due here, as in All other cases, to the part that is turned into the interior of the egg bulging out the covering cells in that region. Cross-section of this egg" show that it is almost exactly like the egg drawn in Fig Here the whole top of the egg has sunken into the interior, but it is difficult to tell from sections in this plane how far the medullary plate has developed. A crowd of loose cells fills the opening of the inturned, ectodermal cup. The archenteric invagination has not progressed very far, or if it had, it has been pulled out again. There was also another egg of this same lot in which the ectoderm had turned in as in the last case, but although there was a depression on the surface, where the blastopore should form, none was present, as sections showed. Here also it is possible that the drawing" upward of the endoderm cells has either prevented the formation of the archenteron, or if it began to develop, it has been pulled Out again. The set from which~.the last three eggs were taken differed fl'om the preceeding ones m that they had been put into the four percent solution at an earlier stage of segmentation. The general result is the same, but in the less complete development of the nervous system, and in the less development of the archenteron, they stand intermediate between the preeeeding embryos and a very common type drawn in Figs. (~ and R, which will now be described. Many of the eggs were put into the solutions at the two-and four-cell stages. Some of these underwent a series of changes that are in many respects similar to those just described, but they did not develop so far. An embryo of this sort is shown in Fig. Q . There is a mass of black cells at the top, surrounded by a groove, which separates this mass from a ring', showing the slate-blue color. This forms a band ground the egg just above the equator. In this egg the band is sharply limited below by a groove which seems to correspond to an archenterie invagination. The groove does not ex= tend quite around the egg. Vertical sections show that the black cells at the top are sinking in to form a sort of column (see Fig. X ) bordered by the upper groove seen in the surface view. There is no evidence of the formation of the medullary plate in the interior.
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In Fig. R , a side view of another egg, similar in many ways to the last, is shown. The next figure is also similar to these, bnt there is no archenteric invagination below the slate-colored band. Sections of this egg are similar to the section shown in Fig. X . In this the ectoderm has turned into the interior, and its central part shows evidence of hollowing out, which is completely accomplished in some other eggs of this kind. In this section, Fig. X , it will be noticed that the yolk-cells are drawn up at the sides to the top of the egg, and also that those immediately around the central ectodermM mass are flattened around the surface of the interior, ectodermal ball.
~t is not uncommon to find eggs in these solutions in which there is a sharp line between the black hemisphere and the yolkcells, and in some of these an embryo appears in the black part, as shown in Fig'. M. A broad medullary plate extends to the top, or nearly to the top, of the black cap. Sections of this embryo show that the ectoderm is flattened to form the medullary plate which extends far out at the sides. It is thinner in the middle. Beneath this lies a thick mesodcrmal sheet, continuous at the sides with the mesoderm differentiating out of the yolk-cells. The notochord can not be identified with certainty. A wide archenteron is present under the embryo in the nipper part of the yolk, and it opens behind under the projecting" part of the embryo. Around the sides the inturned edge also represents a blastopore-rim.
Another somewhat similar embryo is represented in Fig. N . In this, a long and narrow groove is seen extending to the top of the black portion. Cross-sections show on each side of this groove a well developed medullary plate. Beneath it, in the' middle line, there is a distinct notochord, which in places is closely united with the dorsal wall of the archenteron. Mesoderm lies at each side. "The yolk around the sides of the black-white rim is dead and vacuolated, although not so much so at the posterior end. The black-white edge itself forms a thickened ridge. A well developed archenteron lies above the yolk under the embryo.
In only a few cases did eggs, that had been put into the salt solutions in the two-celled stage, produce an embryo on the black portion. One embryo, in which this occured, is shown in Fig'. O. The egg had been put into a 0.5 per cent solution of lithium chloride at the two-cell stage, and after six days had only developed as far as seen in the figure. Sections show that the embryo lies quite excentricMly on the black portion, and that one side is developed 46* better than the other. This embryo is abnormal in several respects. The medullary plate is poorly developed, the n0tochord is disproportionately large, and the mesoderm on each side is irregularly developed. Along" one edge (the right in the figure) the arehentero~ comes to the surface just beyond one side of the medullary plate. The opposite black-white edge (to the left and below in the figure), shows the ectoderm wall becoming thin, and not turning in, although there are a few yolk-mesodermal cells just beneath the edge. The archenteron, that lies beneath the embryo, is extremely irregular. Another egg of t~s same series is shown in Fig. P . The medullary plate is better developed; the notochord is large and lies somewhat excentrically, and cells of the dorsal wall of the archenteron extend, in places, up into the notochord. The archenteron itself is well developed. There is no sharp line at the boundary between the black and the white cells, and the ectoderm cells in this region are often spherical and are loosely held together.
Somewhat different types of embryos are represented in the following figm'es. These types are quite common amongst the embryos in the solutions. The embryo shown in Fig'. T has a black hemisphere separated on one side (that shown in the figure), by a sharp line from the yolk. A vertical section of this egg is shown in Fig. IX . The upper third of the egg is a solid mass of small cells. A short archenteric invagination is seen at one side. There are no indications of the formation of a medullary plate~ or of other parts of an embryo.
The next embryo, Fig'. U-, is about four-fifths black with the yolk exposed only over the remaining fifth. A sharp border separates the black from the white. At one place the black projects backwards over the white. A vertical section is shown in Fig. XI . The upper side, to judge from the greater thickness of the ectoderm~ corresponds to the dorsal side of the embryo~ but there are no indications of the formation of a medullary plate. The opposite side of the embryo has grown into the yolk, nearly cutting off the yolk-plug" from its connection with the rest of the yolk. Ingrowths of this sort are frequent in eggs of this kind.
The next fig'ure, Fig'. V, shows a solid black cap prolonged oa one side. A section in tbe plane of the paper is shown in Fig'. XII. A deep archenteron extends under one side of the egg. Above it there is a layer of mesoderm, and beyond this: on the surface, is the thickened ectoderm which does not show any indications of forming a medullary plate. The peculiar crack in the yolk-cells, leading from the arehenteron, should be noticed, since it is a common occurenee in eggs of this kind. It may represent an extension of the archenteron into the yolk, or it may represent the primoidimn of the liver.
In Fig'. W two tail like extensions have grown back from the black hemisphere over the surface of the yolk. Cross-sections of this embryo show that the ectoderm is thickened on one side (that turned towards the observer in the figure) ; beneath it lies an arehenteron, but there are no further signs of the formation of an embryo.
The next figure, Fig. X , is like the last, but has a single growth backwards. Section of this embryo are very much like that shown in Fig. XII .
The last three eggs are from a set that had been put at the two-cell stage into a 0.5 per cent solution of lithium chloride. The backgrowth, shown in Figs. U, IV~ X: appears to be a continuation from the dorsal lip of the blastopore. The projection has ectoderm above, endoderm below, and mesoderm between these two.
The preceeding description of a few of the typical kinds of embryos that developed in the salt-solutions will give a general idea of the effects that the salt produces. The most unique embryos are those first described, in which there is a complete inversion of the layers. The other types approach those that GUnWlTSCH has obtained, more especially those drawn in .Figs. T to X. In nearly all these series, and especially those in the diluter solutions, and when later stages are placed in the solutions, many normal embryos develop, in addition to the abnormal kinds here represented. But when the solutions are so strong" that embryos of the first type appear it is rare to get also normal embryos. The following records will show what the general effect of the different solutions: used in the spring' of 1902, produced.
The Different Kinds of Embryos Produced in the Solutions.
First Set.
Eggs in a late segmentation stage were put into a 0.4 per cent solution of lithium chloride, IV. 12 t 1902. They were preserved at the four following periods.
IV. 15. In most eggs at this time the blastopore is present at or below the equator of the egg'. Some few eggs show the anterior end of the medullary plate a~ in Fig'. ~II. In some cases the embryos lie a little obliquely on the black part of the egg.
IV. 18. There were a number of embryos like these in Figs IV. 20. In most of these embryos the blastopore was closing or closed, but only rarely is there an indication of the medullary plate on these eggs. A few eggs like those in Figs. A, F, G were present.
A number of other eggs that had been put into 0A lithium chloride in the late seg.mentation stages had covered over the white hemisphere; in some the blastopore has almost completely or even completely closed. In those that showed the medullary plate, it was found, when the eggs were cross-sectioned, that the embryos were abnormal to various extents. Many of these eggs showed no evidence of forming, a medullary plate or definite embryo.
Second Set.
Eggs in the 2-and ~t-eell stages were put into a 0.4 per cent solution of lithimn chloride, IV. 12, 1902. The preserved eggs showed the following results.
IV. 16. There were two main kinds of embryos at this:time: a) the black hemisphere occupies the top of the egg, as in IV. 21. The solution had been diluted on the 19. The bunches had behaved differently: a) in one bunch the eggs had a black hemisphere, like Fig. 2; b) in another the black cap is sinking in; e) in another the eggs were like Fig. ] 3. Two small bunches showed the blastopore not closed, and the anterior end of the embryo extending forward on the black part as in Fig. P. IV. 25. These also has been put in a diluted solution on the 19 ~ but were in poor condition, and had not developed further. IV. 21. The development had stopped at an early segmentation stage. The next day the segmentation appeared to have gone a, little further, but on the next day the eggs appeared to be dead.
There were three other series of eggs comparable in every way to those in the preeeeding list, but since they showed nothing new it is not necessary to give an account of them.
Conclusions.
One of the most characteristic effects of the solutions of lithium chloride is to cause the cells of the upper hemisphere to turn into Many of the eggs in the solutions do not turn in the upper part of the egg-hemisphere, but a sharp line is formed between the black and the white cells at or often above the equator of the egg, Fig. 5 ". This line of separation corresponds to an inturned edge of a circular blastopore, whose position at or above the equator of the egg is explained by the lack of downgrowth of the material of the upper hemisphere. Some of these eggs produce, on the upper hemisphere, the anterior part of the medullary folds which sometimes extend quite to, or even beyond the top of the egg. It would be erroneous to conclude from the position of this medullary fold that the normM medullary fold also extends to the top of the egg.
Review of Literature.
In 1895 I tried the effect of a number of sMt-solutions --barium, potassium, calcium, and sodimn chlorides --on the development of the frog's egg, and obtained embryos showing all conditions of spina bifida. The eggs were put into the solutions at the time when the blastoporc had just appeared. In the most extreme cases the blastopore extended around the equator of the egg, and >~ring-embryos~ were produced.
Ia the following year, 1896, ttERTWlG carried out a more extensive series of experiments and also obtained embryos showing spina bifida, and others showing abnormalities in the medullary plate. He put the eggs into the solutions one hour after fertilization.
GvmvIwsclI, in 1895/6, tried the effect if a number of different solutions, more especially of halogen salts on the developing frog's egg. He found that sodium and lithium were most effective. The potassium salts did not act well. The main effect of the chloride of lithium was to cause abnormalities in the position and development of the blastopore and of the brain, but especially of the former.
GURWITSCH found that eggs of Rang fusca in 0.8 and 0.7 per cent solutions of lithium chloride showed a retardation of file segmentation of the cells in the ~hite hemisphere. In many eases the egg remained quite unsegmented; in other cases only the first furrow extended into it. ills most satisfactory results were with a 0.5 per eent solution. The lips of tile blastopore appeared around the sides of the egg and in this respect it differed from the normal egg, in which~ as the lips of the blastopore extend outwards, the opening of the blastopore becomes reduced. Another peculiarity that he observed was that the lateral lips of the blastopore do not always correspond with the line between the black and the white cells, but lie somewhat higher on the egg~ as shown by his Fig. 3 ~) . The egg becomes marked in consequence into an upper and a lower hemisphere. Vertical sections of an egg of this sort show a small segmentation cavity in the upper hemisphere with a thick roof. The cells forming the sides of the floor of the segmentation cavity appear to be drawing into the interior to fill up the cavity. These ceils are wedge shaped with their apices turned towards the the equatorial groove. O~-awrrsci~ elaims that the embryos are at this time radially symmetrical, but I believe on insufficient evidence, for although the bilateral form may be iess marked then in the normal egg, yet my results appear to indicate that such a bilateral conditiol~_ is present. Later in some of these eggs the equatorial ring" which marks the edge of the blastopore beg'ins to.extend over the surface of the lower hemispher% and a split appears in the yolk beneath the down-growing edge. This split (kuv~wrrsci-I believes is caused by the drawing apart of the yolk cells. The medullary folds may next appear on the dark hemisphere, and are often quite exeentrie in position --in extreme cases even lying along one side of the equatorial band. A large yolk-mass continues to project at the lower part, but there is no evidence of the formation of an embryo showing spina bifida, as HERTWm and I had found" ibr eggs in other salt-solutions. The one apparently exceptional ease that Gc~wrrscI~ describes (Figs. 11 and 35 ) in which besides an axial " embryo a thickening' of ectoderm is formed around the edges is not, as he supposes, a spina bifida form hut is, as my results show clearly, due to a folding upward at the posterior end just above the blastopore inw~gination. GUaWlTSCU compares his results with the normal development. His attempt to find a parallel between what he supposes to be a radial type of abnormal development of the frog with what he 1) Tbis figure resembles my Fig./i' , in which the upper black line is not the blastopore rim at all, as G~TRWlTSCH appears to think, but the edge of the inturned black cap. calls the radial type of gastrula of amphioxus does not appear to me to be particularly instructive, since the gastrula of the amphioxus is not radial, and neither do I think are these lithium embryos. In general, comparisons of this sort can not have much value, since the forms are too remote from each other in their method of development to allow of comparisons of any worth.
GURWlTSCI-I calls attention to the lack of down-growth from the upper hemisphere shown by these embryos, but fails, to realize the importance that this fact may have on the subsequent location of the embryo. This lack of down-growth accounts for the high position assumed by these embryos on the black hemisphere, and also, in some degree, for the absence of the spiua bifida condition in the embryos in these lithium solutions. The halves of the body of the spina bifida embryos are formed out of material that has been pushed down to the equator of the egg'. Since this material lies in the lithium eggs at the top of the egg the opportunity to produce the lateral halves is not present. This statement refers more particularly to eggs like those in Fig'. •. Moreover in the spina bifida embryos the head is laid down at or just above the equator of the egg because the material out of which the head is to develop has been carried down to this level.
On the other hand in these lithium embryos the head, as has been stated, often reaches to the very top of the black hemisphere. There is in consequence an entirely different distribution of formative material.
The unsymmetrical position assumed quite often by embryos of the type of Fig. N is diNeult to explain. We can only ascribe this, hypothetically, to an unequal distribution in the amount of material, or 'to the greater injury of the material on one side.
Gur~wrrscH's eriticism of the eonereseenee theory as applied to the normM embryo from the point of view of his results on these lithium embryos carries little weight with it, since the early stages in these embryos are so different from the normal that any eonelusion from them as to what takes place in the normal is likely to go wide of the mark. The same criticism may be made in regard to his conclusion of the position of the normal embryo on the egg, and the imagined absence of overgrowth of the dorsM lip. I have insisted on several occasions that a mistake of this same sort has been made in drawing conclusion from the spina bifida embryos, namely as to the extent of the eonerescence of the normal embryo, as maintained by HEaTWm and by Ro~:x.
The effect of salt-solutions on development was also tried by C. B. Wmso~ ~ who placed frog's eggs, in different stages, in solutions of 0.6 per cent sodium chloride, and of 0.3 per cent potassium chloride. He found that the yolk-cells are more easily injured than are those of the upper hemisphere. He states that the egg's of Chorophilus, which develop quite quickly, are less injured at first by the solution, but the after-effect is worse. In this species the injury produced by the salt is greater, the later the stage of development the eggs are in when immersed. The power to resist these solutions can be increased by beginning with a weak solution, 0.5 per cent sodium chloride, and gradually increasing it to 0.6 and to 0.9 per cent. An embryo can thus be acclimatized to live in a solution that wcmld kill it were it placed directly in the stronger solution.
BATAILLON induced the segmentation of the unfertilized eggs of Rana eseulenta by placing them in a serum, that was isotonic with solutions of sugar and of salts that produce the same effect. When fertilized eggs were put into solutions of sodium and potassium chloride and sugar solutions of different percentages, embryos were obtained similar to those described by MORgAn, HERTWm, a.nd GURWITSCH.
The blastopore appeared around the equator of the egg, and later the anterior part of the medullary folds appeared on the black region and ext~nded around the large blastopore producing" a condition of spina bifida at the posterior end.
BATAILLON found that in solutions of sodium bromide and sodium chloride the development progressed normally at a temperature of 15 degrees, but at a higher temperature (20~ equatorial gastrulation took place, and the older embryos from such eggs had an exposure of yolk at the posterior end.
Some eggs were placed hMf-an-hour after fertilization in solutions of sugar, sodium chloride, and potassium chloride. Four to six hours later, when in the two-and four-cells stages they were put into pm'e water. Some of the eggs developed .normally, but there were also many that developed abnormally. These results seem to show that the effect of the salt-solution persists after the eggs have been removed from it.
BATAILLO~ thinks that the effect of these solutions is physical, and not due to the specific nature of the salts themselves. He found that the eggs that have just reached the uterus behave differently ti'om those that have accumulated there for some time. The former he calls immature. If placed in solutions of these salts, very abnormal development takes plate without definite traces of the formation of the embryo or of the process of gastrulation being" apparent.
A most thorough and elaborate series of experiments have been made by Madame I~ONDEAu-LuzEAU tO test more especially the action of several chlorides on the development. She finds that a double action exists (contradicting BATAILLO~N'S conclusions on this point), namely, a physical action, due to ,,hypertonicity, of the solutions, and a chemical action depending" on the kind of salt employed. With the exception of lithium chloride the chemical action never predominates if weak solutions are used. The chemical action is masked by the stronger action of the hypertonicity at temperature favorable to development, and above 10 degrees C., but the chemical effect becomes manifest when the temperature is lowered. Before and during feeondation the results are proportional to the molecular concentration. After fecondatiou the results depend largely on the chloride employed. Except in the case of lithium chloride, the death of the egg is much oftener caused by the osmotic pressure of the solutions. The concentration quickly arrests the development. The teratologicM action of the chlorides appears to be due to the chemical action in the case of eggs treated after fertilization. The salts act in the following" order NaC1, MgC12, CaC12, KC1, and LiC1. Between the action of the last two there is a great difference. The effects of the solutions are also more apparent at certain stages than at others, noticeably at the time of closure of the blastopore and of the formation of the medullary folds.
The results that concern us most nearly are those with lithium chloride whose chemical action is much more powerful than that of any of the other salts. Thus it was found that the minimal amount of this salt that will affect the development may be represented by an osmotic pressure of 169 em (0.3 to 0.4 per cent); while for KC1, it is 405 em (1.2 per cent); for NaCI, 459 em (1.0 per cent); for MgC12, 485 cm (1.3 per cent); and for CaC12, 484 cm (1.5 per cent).
Further Experiments.
In the hope of obtaining more definite data as to "the effect of different salts on the different stages of development I carried out in the present spring of 1903 a very large number of experiments with different salts. In order to determine whether the action depended on the osmotic pressure in the solutions, I put eggs also into solutions of grape and cane sugar that give equivalent osmotic pressures. Although many thousands of eggs were used, and in very different stages, the results were far from satisfactory because the action is too indefinite. Eggs in the same bunch often developed quite differently, although they were in the same stage of development when the experiment began, and were subjected, as far as possible, to the same conditions. Some rather general conclusions may be drawn fl'om these results, but the physiological side of the problem is tier from being in a satisfactory condition.
Solutions of lithium chloride of the following" strengths were used: 2. 5, 3, g, 4.5, 5, 5.5, 6, 7, 8 per cent. In a number of cases severM different solutions were tried at different times, more especially those between .~ and .6 per cent. In a few eases the solutions that had been used for one series were used over again, but this is not to be recommended because an unknown amount of weakening has taken place from the first lot of eggs placed in the solution. Sufficiently large amounts of the solutions were use so that dilution caused by toss of water from the egg-membranes would not produce any great difference in the strength of the solution. Using the .4 per cent solution as a basis, solutions of the following salts were made up; the first of each being nearly equivalent to the 0.4 per cent solution of lithium chloride, the other stronger and nearer the 0.6 per cent solution. The figures give the weight in grams of the substance that was added to !00 ce of spring water. Summary. Despite the large number of eggs used in these experiments those that produced the inversion embryos, shown in our first figures, Fig's . A--L was ver~" small. They occurred in the .4, .5, .6 per cent solutions, and it was rather noticeable that when this type was found they appeared in lots in which there were generally other eggs like Fig. D , but what connection exists between these results I could mot ascertain. Moreover I had hoped to find out what the early stages of these inversion eggs are like, but this I was unable to do, because of the rather rare occurenee of this type. The other salt in our list that gave also inverted embryos was lithium bromide.
The magnesium chloride solutions, especially the stronger, appeared to have a specific action on the development, especially on the eggs put in while in the two and four cells stages. The later stages developed into tadpoles that lived for many days in the same solutions. I shall hope to describe these magnesium embryos more fully at another time.
The lithium benzoate and salicylate killed the eggs before they developed any hrther. The lithium iodide was probably too strong, since the development was stopped.
In the stronger sugar solutions the development soon stopped before the embryo appeared. In the weaker solutions the development seemed to be normal, while in the intermediate strengths the overgrowth of the blastopore lips was interfen'ed with so that some spina bifida embryos were produced. There were none of the eggs that showed the inversion condition as in Ne lithium chloride. The general effect of the sugar solutions was different from that of the lithium salts.
Conelnsions. The action of the lithium salts is a specific one, in psu't at least, and does not simply depend on the physical action of the salt. The salt undoubtedly dissociates, and it is probable that the lithium ion is the effective component. This is indicated by the similar action of lithium bromide on the eggs. Neither magnesium, nor sodium, nor calcium chlorides produced any of these inversion embryos. Comparison with the sugars, which do not dissociate, but act direcdy through their osmotic pressure on the egg indicate, if they do not prove, that the osmotic pressure is only one of the factors in the salt-solutions. My results have shown that the stage of development at which the eggs are put into the salt-solutions is an important factor in the end-result. We must be on oar guard, therefore, in comparing the results of different investigators who may have placed the eggs in the solutions at different times. For this reason I have felt some hesitation iu comparing my own results with those of T. tt. )Iorgan
HERTWIG and of GUIr
The egg appears to be much more resistant after the first cleavages have taken place, than during this time, and the g'astrula stages are also more resistant than the later segmentation stages. Moreover it is not only a question of resistance, but somewhat different results are obtained according to the stage reached by the eg'g when it is placed in the solution. The presence of the segmentation cavity in the eggs may be one of the most immediate causes of this difference in the behaviour of younger and of later stages. The shifting of the protoplasm of the upper hemisphere, during the formation of the segmentation cavity, which is interferred with to some extent when the eggs are put into the solutions at an early stage, may also account for some of the differences in different stages.
Summary.

I.
Solutions of 0A to 0.6 per cent lithium chloride bring about marked changes in the development of the frog's egg'. The results depend, in part, on the the stage at which the eggs are put into the solutions. If put in during the two-and four-cell stages some of the eggs produce embryos similar to those shown in Figs. Q and R. In these eggs the whole of the black hemisphere sinks into the interior of the egg, as shown in section in Fig. X. An archenteric invagination generally appears at one side in the yolk cells, Fig. VIII . In other eggs the black cells do not sink into the interior, but form a cap over one hemisphere that is sharply marked off by a blastoporie rim from the yolk-cells (Fig. 5/' ). An archenteron is present on one side of the black hemisphere, Fig'. XII, and in some cases a medullary plate, notochord: etc, may appear, Figs. M and .tV. The medullary plate may extend to the top of the egg. It would be erroneous to conclude from the position of the medullary plate in these eggs that in the normal eo'g also the anterior end of the embryo extends to the top of the egg'. The two kinds of embryos, the normal and the lithium embryo~ are not directly comparable, because the material out of which the embryonic portion develops is differently located in the two cases. This difference of location is due to the lack of a downward movement of the upper protoplasmic contents of the eg'g, which, in turn, is connected with the obliteration of the segmentation cavity by the upper cells.
If the eggs are put into the solutions at a later stage of segmentation, two general types of larvae are here also produced. One of these types is like that shown in Fig 
II.
Comparisons with other salts, and with sugar solutions~ show that the lithium salts have not only a'physical action on the egg~ but also a chemical action, due apparently to the lithium.
Zusammenfassung,
I. Gelangen die Eier in einem spgteren Stadium in die L~Jsungen, so entstehen aueh bier zwei generell unterschiedene Larventypen. Eine yon ihnen ist iihnlich der durch Fig. P dargestellten, bei weleher eine solide sehwarze 0ber-hiilfte yon ether darunter gelegenen Dotterhemisphgre seharf abgegrenzt ist. Spuren eines Embryo kSunen, wie im letzteren Falle, im Bereiche tier oberen I-Iglfte auftreten; auch kommt eine Entwickelung nach rfickwgrts yon der dorsalen Blastopomslippe ~5fter zu Stande (Fig. X, IV) . Der andere Typns ist ein Embryo, in dem eine vOllige Umkehr tier Keimb]~tter Platz greift (Fig. A-- 
L).
Der ganze obere Theil des Eies sinkt ins Iunere {Fig. V). Diese naeh iunen umgewendete Ektodermzellenmasse bildet im Inneren des Eies eine Medullarplatte, welche sich fiber ihre Fliiche zurfickbiegt, wit Fig. I , II, III zeigen. Ein schieferfarbiger Bezirk bildet einen oberfl:,~chlichen Streifen rund um den gquatorialen Theil des Eies (Fig. A, o r, L) . Uuterhalb desselben erscheint die ()ffnung des Archenteron an der 0berflgche. Entlang der Mitre des schieferfarbigen Bezirks, an seiner breitesten S~elle, bezeichnet eine dnnklere Linie die Lage der Rtiekensuite (Fig. B) , welche unmittelbar untei" der 0berflgche liegt. Schnitte zeigen laterale Mesodermentwiekelung beiderseits yon der Rfickensaite in der ganzen Ansdehnung des schieferfarbigeu Bezirks. Diesen bedeekt eine einfache Lage yon Dotterzellen, die naeh oben gelangten, als der Eiseheitel ins Inuere vetsank (Fig. I--V) .
II.
Vergleiehe mit anderen Salzen und mit Zuekerl~Jsungen zeigen, class die Lithiumsalze nicht allein eine physikalische Wirknng auf das Ei ansfiben, sondern auch eine chemische, woran offenbar das Lithium schuld ist.
